Despite a huge number of studies, many aspects of the lipid transfer protein (LTP) syndrome, the most frequent primary food allergy in Mediterranean countries, remain unclear. Its peculiar geographical distribution, along with the extreme variability of its clinical expression, makes this type of food allergy something unique in the panorama of IgE-mediated food-induced allergic reactions. This review article tried to summarize the current knowledge about the most important aspects of LTP sensitization and allergy, along with the importance of positive and negative co-factors in the clinical expression of the syndrome as well as the issues regarding the cross-reactivity between LTPs present in botanically related and unrelated foods.
| INTRODUCTION
Non-specific lipid transfer protein (LTP) is by far the most frequent cause of primary food allergy in adults living in the Mediterranean area 1 where it also induces the largest number of food-dependent anaphylactic reactions. 2 Based on its widespread distribution throughout the plant kingdom and on the elevated homology between LTPs from botanically unrelated foods, 3 LTP-sensitized patients may experience adverse reactions upon the ingestion of a large array of plant foods. 4 LTPs resist to both heat and pepsin digestion which makes them able to reach the intestinal tract in an unmodified form, 3, 5 an essential condition to induce systemic reactions. Furthermore, Pru p 3, the peach LTP, seems to pass the gut epithelium by a fast transcellular route which is not used by other less allergenic LTPs (LTP1), thus inducing the production of Th2 cytokines. This kind of passage underlines the importance of Pru p 3 as a sensitizer. 6 Pastorello et al 7 identified in Pru p 3 molecule two immunodominant reactive regions able to act on Pru p 3-specific T cells, inducing the production of IL-4, thus reflecting the Th2-dominant response.
| GEOGRAPHICAL DISTRIBUTION
Despite the slowly growing number of sparse reports suggesting the presence of LTP sensitization and LTP-linked food allergies in different parts of the world, including China, 8, 9 Australia, 10 and Central Europe, [11] [12] [13] [14] [15] due to unclear reasons, the so-called LTP syndrome remains essentially Mediterranean based and even within Mediterranean countries like Italy, a gradient exists in the prevalence of LTP sensitization between northern and southern regions. 1 The reasons for this peculiar geographical distribution are still poorly defined; the hypothesis of a primary sensitization through the airways associated with the local presence of homologous pollen allergens in LTP-endemic areas such as Pla a 3 from plane, Art v 3 from mugwort, Ole e 7 from olive, or cypress remains unproven so far 16 with the possible exception of China where a link with mugwort pollen allergy seems stronger. 8 Altogether, one gets the impression that the presence of birch pollen is protective against LTP-allergic symptoms and that the higher the levels of birch pollen are, the lower the prevalence of LTP hypersensitivity in a certain area is. 17 The patterns of sensitization to food allergens, including LTP, differ in different areas of the world, in part due to variations in environmental pollen exposures. The reasons for this are still ill-defined, but it has been shown that co-factors are often needed for the clinical expression of LTP hypersensitivity (see beyond). It is well known that LTP is probably the main cause of food-induced contact urticaria (CU), at least in Spain.
Peach-induced CU may remain the only sign of LTP hypersensitivity in more than 60% of patients. 23 The essential role of peach fuzz in causing histamine release following contact with the skin has been suggested by the absence of any skin reactivity following skin rubbing with nectarine, a fruit that is genetically identical to peach but whose surface is bald. 24 In effect, peach fuzz contains large amounts of LTP 25 and it cannot be excluded that the skin represents a major pathway leading to sensitization to the protein. The oral allergy syndrome (ie, the occurrence of itching and tingling of the lips, oral mucosa, tongue, and upper airways immediately after ingesting the offending food) is probably the most frequent clinical expression of LTP hypersensitivity. 23, 26 This sort of adverse reaction may remain the only one for years or even lifelong, probably until a co-factor causing an "upgrade" in clinical severity intervenes. Isolated gastrointestinal symptoms (nausea, vomiting, diarrhoea) may follow the ingestion of LTP-containing foods, although in most cases, such symptoms accompany systemic symptoms such as urticaria/angioedema or anaphylaxis. As mentioned before, LTP is the major cause of food-induced anaphylaxis in Italian adults, although the proportion between anaphylactic episodes and number of sensitized patients is by far lower than that observed for nuts, peanuts, or shrimp. 2 In this sense, LTP can be regarded as a potentially harmful but "benign" allergen.
| TISSUE DISTRIBUTION OF LTP IN PLANT-DERIVED FOODS AND DIFFERENT LTP FAMILIE S
Most LTP is located in the superficial layers in a number of fruits, including Rosaceae (peach, apple, pear, plum, cherry, and apricot), melon, and watermelon, which is not particularly surprising in view of the defensive role of the protein. However, in some fruits, LTP seems to be present in higher amounts in seeds that are eaten along with the pulp; kiwi and tomato are two examples in this sense. [27] [28] [29] Other edible seeds, such as almond (notably, another member of the Rosaceae family), behave differently; although almond seed in se does not seem to contain significant amounts of LTP, it is nonetheless surrounded by a peel that is frequently eaten as well and that probably contains it.
The plant LTP family includes two subfamilies showing a slightly different molecular mass: 9-kDa LTP1, including the large majority of these proteins, and the 7-kDa LTP2, including a much more limited number of representatives, mostly in cereals and tomato. The 7-kDa LTP in tomato seeds shares some structural features with peach LTP, but displays individual features responsible for monospecific IgE binding. 29 The two families share the general molecular structure but show a rather low sequence similarity (about 30% identity) and differ in cysteines residues sited along the molecules. 30 Another relevant LTP is Par j 2, the major Parietaria pollen allergen, which has a molecular mass of 11 kDa and is unrelated to food LTPs.
| TH E RELEVANCE OF CO-FACTORS IN LTP HYPERSENSITIVITY
As a difference from allergies to other stable plant food allergens such as the seed storage proteins, the clinical expression of LTP hypersensitivity often requires one or more co-factors. In some cases, the cofactor is represented simply by the isolated ingestion of the offending food after fasting 31 ; as the same food may have been always tolerated before, it is possible that an empty gastrointestinal tract absorbs the allergen more rapidly or that in such conditions, pepsin digestion of the food matrix is more efficient, resulting in an increased concentration of the allergen that comes in contact with the gut mucosa.
Another classical co-factor is exercise. LTP is the most frequent sensitizer in Italians with food-dependent exercise-induced anaphylaxis. 32 Another interesting aspect is the frequent association between LTP hypersensitivity and adverse reactions to non-steroidal anti-inflammatory drugs (NSAIDs). [33] [34] [35] [36] It was recently shown that NSAIDs are able to enhance IgE-mediated activation of basophils, an effect that can be essential for the occurrence of severe reactions in patients who are only slightly sensitized to certain foods. 37 Along with negative co-factors, "positive" co-factors exist as well.
Several lines of evidence suggest that the co-sensitization to birch pollen (ie, the major allergen Bet v 1, a PR-10 protein) and/or to the plant pan-allergen profilin is protective against severe allergic reactions induced by LTP-containing fruits and vegetables.
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| SPECIFIC IGE LEVELS AN D CROSS-REACTIVITY ISSUES
In LTP-allergic patients, sensitization profiles are extremely heterogeneous, and individual cross-reactivity patterns may range from a single LTP to many different LTPs. 3 Patients sensitized to more than ASERO ET AL.
five different LTPs (from food or pollens) show a significantly higher propensity to develop severe symptoms upon the ingestion of offending foods. 17 The positive association between peach LTP-specific IgE levels and the number of botanically unrelated, co-recognized plant foods has been demonstrated some time ago 39 ; further, in LTP-hypersensitive patients, the levels of IgE specific for different food sources follow a rather precise and predictable hierarchical order that starts with peach, followed by apple, walnut, hazelnut, peanut, lentil, maize, soybean, tomato, kiwi, sesame, mustard, melon, and celery, 40 although such order is not necessarily paralleled by clinical allergy to the corresponding foods. Another interesting observation is that in adult patients, the level of IgE to Pru p 3, the peach LTP, is inversely related to the age at onset of peach-induced severe symptoms. 41 On the other hand, the levels of specific IgE for non-Rosaceae foods are only partially predictive of clinical allergy due to a significant overlap between asymptomatic patients showing elevated levels and patients with a history of severe reactions showing rather low levels.
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The cross-reactivity between peach and other Prunoideae has been investigated by Italian authors. 26 Analysing a population of peach-allergic patients, with skin prick test and specific serum IgE positive also for apricot, plum, and cherry, it was found that 36% of them were tolerant to all the other Prunoideae and 31% were toler- depends on the number of positive fruits/vegetables on in vivo testing, on the availability of the microarray, as well as on cost/benefit or economic considerations that may also change from one country to another based on the reimbursements by the NHS.
| OFFENDING FOODS/SAFE FOODS
The most frequent offending food in LTP-endemic areas is unquestionably the peach, which is also considered as the most probable cause of LTP sensitization. This fruit seems to contain most if not all LTP epitopes and scores regularly positive on in vitro and/or in vivo tests even in patients who tolerate it and react to other plantderived foodstuff. Based on sequence similarity between LTPs, it is not surprising that after the peach, the most offending foods belong to the Rosaceae/Prunoideae family (apple, pear, apricot, plum, almond, etc), followed by walnut, hazelnut, and peanut. Allergic reactions to other plant-derived foods, including cereals (maize on one side, wheat, rice, barley, and spelt on the other), tomato, fennel, onion, celery, saffron, and broccoli, are much rarer and occur generally in patients showing very elevated IgE levels to Pru p 3.
In the last years, some vegetable foods have been added to the "LTP syndrome list" of potentially offending foods, and a correlation between Pru p 3 IgE-specific levels and symptom progression has been investigated. In particular, Italian researchers studied rice, fennel, and tomato allergy due to LTP sensitization and its correlation with peach allergy. With rice, symptomatic patients were all Pru p 3-positive and the presence of rice-induced symptoms correlated with Pru p 3 IgE levels. 43 LTP has also been identified as the major allergen of fennel, able to induce severe symptoms after its ingestion in patients presenting severe symptom to peach. 44 Finally, a direct correlation between Pru p 3 IgE levels and severity of tomato symptoms was observed. 45 Some authors, investigating the thermostability of purified peach LTP and peamaclein, demonstrated that Pru p 3 becomes sensitive to gastric and intestinal digestion after heating at 100-120°C for 20 minutes. 46 However, these experiments were performed with purified isolated proteins which could anyway show a different behaviour in vivo into the whole fruit because of the possible interaction with the food matrix. In fact, for peach and other LTP-containing foods (ie, tomato, maize), the persistence of LTP allergenicity in spite of strong thermal and industrial treatments has been demonstrated. [47] [48] [49] Some "LTP-safe" plant foods seem to exist as well. In one study, carrot, banana, melon, and potato scored negative on SPT and were clinically tolerated by all LTP-allergic patients studied. 50 In effect, the edible part of carrot does not contain LTP at all, 51 as is the case of melon, whose LTP is located on the skin and may induce contact urticaria after handling. 52 In contrast, a lipid transfer protein has been isolated from banana and was possibly involved (along with other allergens) in adverse reactions to this fruit in a selected paediatric population. 53 The sources of LTP reported to cause clinical food allergy along with Pru p 3 IgE levels reported in the literature are summarized in Table 1 . Even if a cut-off level has been detected in the study by Pastorello et al, 38 the levels of IgE to Pru p 3 in different allergic populations show much variation.
| CONCLUSION S
Several aspects of LTP-allergic syndrome remain poorly defined.
Clinically, it is still unclear how sensitization to this protein occurs (an issue that is probably related to the geographical distribution of this type of allergy) and why only part of sensitized subjects have an overt food allergy while others need co-factors to react to foods or do not react at all despite similar specific IgE levels. Another important point is the only partial predictability of the cross-reactivity between different plant-derived foods in the single sensitized patients. Nonetheless, our knowledge of LTP allergy is slowly increasing and oral immunotherapy is presently available in some countries like Spain 54 where the syndrome is extremely common with the aim to increase the provocation threshold of severely allergic patients.
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